Parathyroid hormone (hPTH 1-38) stimulates the expression of UBP41, an ubiquitin-specific protease, in bone.
Parathyroid hormone (PTH) stimulates bone formation in both animals and humans, and the expression of a number of genes has been implicated in the mediation of this effect. To discover new bone factors that initiate and support this phenomenon, we used differential display reverse transcription polymerase chain reaction (DDRT-PCR) and screened for genes, which are differentially expressed in osteoblast-enriched femoral metaphyseal primary spongiosa of young male rats after a single subcutaneous (s.c.) injection of hPTH (1-38) (8 microg/100 g). We found and cloned one full-length cDNA, which encodes a putative 348 amino acid protein. Sequence analysis of this protein demonstrates a 98, 93.7, and 82.5% identity with mouse, human, and chicken ubiquitin-specific protease UBP41, respectively. Northern blot analysis confirmed that a 3.8-4 kb UBP41 mRNA transcript was rapidly increased 1 h after acute hPTH (1-38) exposure in both metaphyseal (6- to 8-fold) and diaphyseal (3-fold) bone, but returned to control levels by 24 h after exposure. In contrast, continuous exposure to hPTH (1-38), resulted in a rapid and sustained elevation of UBP41 mRNA. PTH (1-31), which stimulates intracellular cAMP, and PTHrP (1-34) both induced UBP41 mRNA expression; whereas PTH analogs (3-34) and (7-34), that do not stimulate cAMP, had no effect on UBP41 expression. UBP41 mRNA expression was also rapidly induced 1 h after injection of PGE2, but returned to the control level by 6 to 24 h. In vitro, UBP41 mRNA is expressed in primary osteoblasts (metaphyseal and diaphyseal derived) and in the osteoblast-like cell lines UMR106, ROS17/2.8, and BALC. PTH (1-38) treatment induced UPB41 expression (3.6- to 13-fold) in both primary cultures of osteoblasts and in UMR106 cells. Further analysis in UMR 106 cells demonstrated that PGE2, forskolin and dibutyryl cAMP increased UBP41 mRNA expression 4-, 4.5-, and 2.4-fold, respectively. Tissue distribution analysis of UBP41 mRNA detected transcripts in brain, heart, skeletal muscle, kidney, liver, and testis. Together, these results demonstrate that UBP41, an ubiquitin-specific protease, is selectively upregulated in bone by the osteotropic agents PTH, PTHrP, and PGE2, possibly via the PKA/cAMP pathway. We speculate that the rapid induction of UBP41 in response to these physiological regulators contributes to the mechanism by which either the structure, activity, half-life or localization of essential proteins are modified to maintain bone homeostasis.